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A BIOLOGIC MATERIAL COMPRISING AN EFFICIENT CULTURE OF BONE MARROW 
STEM CELLS PARTIALLY OR COMPLETELY DIFFERENTIATED INTO CONNECTIVE 
TISSUE CELLS AND A THREE DIMENSIONAL BIOCOMPATIBLE AND BIODEGRADABLE 
MATRIX CONSISTING Or A HYALURONIC ACID DERIVATIVE 
5 FIELD OF THE INVENTION 

The present invention relates to -a biologic material, a process for 
its preparation and the use thereof in tissue grafts. 
BACKGROUND OF THE INVENTION 

The loss of cutaneous material due to various causes, traumatic or 
10 metabolic for example, can sometimes prove to be very slow-healing. 
This can be due to metabolic or local circulatory causes, the 
patient's poor state of health or to the size of the wound, as in the 
case of extensive burns. The ineffectiveness of pharmacological 
therapy has led physicians to resort to reconstructive surgery, using 
15 skin grafts from the same patient whenever possible. An important 
breakthrough in the treatment of such lesions is the use of techniques 
for in vitro cell culture. 

Another problem involved in the preparation of skin substitutes is 
represented by the supply of fibroblasts to seed onto the 

20 biocompatible matrices. Indeed, it is not always easy to isolate 
fibroblasts from dermal tissues, especially in the case of elderly or 
severely weakened subjects. One solution to this problem is offered by 
the mesenchymal cells present in bone marrow tissue. These cells are 
very active and can be suitably differentiated into various cell lines 

25 when placed in the correct conditions. From these stem cells it is 
possible to obtain differentiated cells such as fibroblasts. 
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adipocytes , myoblasts . osteoblasts , chondrocytes . 

J. Rheinwald and h\ Green (Cell. 6, 1975* 331~344) were the first to 
cultivate keratinocy tes which could be successfully used to cover skin 
lesions in clinical practice (G. G. Gallico et al . . N . Engl. J. Med., 
5 311, (1984), 448-451). This innovative technique proved to have its 
limits, however, the most serious being the extreme fragility of the 
epithelial layer and the very low cake rate. To overcome these 
limitations, dermal derivatives have been constructed on which 
keratinocytes can be grown. Yannas et al . (Science, 215, (1982), 174- 
10 17b; used a mixture of collagen and glycosaminoglycans to obtain a 
reabsorbable porous material to serve as a skin substitute on lesions 
characterised by the loss of cutaneous substance. 

S. Boyce and J . Hansbrough (Surgery, 103 (1988). 421-431) described 
the use of layers of collagen and glycosaminoglycans as supports on 

15 which to grow keratinocytes for subsequent graft. 

Another system for the preparation of dermal substitutes is 
represented by fibroblast cultures on biocompatible three-dimensional 
matrices based on synthetic or semisynthetic polymers. It is possible 
to seed and grow fibroblasts on these structures, thus enabling the 

20 production of an extracellular matrix similar to that of natural 
connective tissue. 

Some well-known examples of dermal substitutes are: 

1) Dermagraft, developed by Advanced Tissue Science (California), in 
which human fibroblasts are seeded and cultivated on a matrix formed 
25 by polylactic, polyglycolic or polygalac toside acid. These fibroblast- 
popuiated matrices are subsequently seeded with keratinocytes, to 
enhance their more "physiological" growth; 
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2} Graft-skin, by Organogenesis Inc. (Boston U.S.A. ) composed of a 
collagen substrate on which heterologous human fibroblasts are seeded; 
3) Allo'Derm, produced by Life Cell Corp. (Texas, U.S.A.), constituted 
by human or pig dermis, left intact and stored at a low temperature. 
5 Before use, it can be seeded with autologous fibroblasts and 
keratinocy tes and then used for grafting. 

Although these products represent good biological supports for i ri 
vitro cultures, their in vivo application is somewhat limited, due to 
immunological reactions against their non- au tologous protein 

10 components, as well as to the risk of viral contamination. 

Lastly, other products deriving from hyaluronic acid are known to be 
used in skin grafts thanks to their highly biocompatible and 
biodegradable materials (Benedetti et al . , Biomaterials . 14 .(1993) 
115^-1160; Cortivo R. et al . , Biomaterials, 12 U99D 727-730) and 

15 their lack of imraunoreac t i vi ty . Indeed, as hyaluronic acid is a 
component of the extracellular matrix it releases completely natural 
fragments during its degradation in the tissues. 
SUMMARY OF THE INVENTION 

The present invention relates to a biologic material comprising the 

20 following two components: 

a) an efficient culture of autologous or homologous bone marrow stem 
cells partially or completely differentiated into cellular lines of a 
specific connective tissue and further comprising the extracellular 
matrix produced by said connective tissue cells, 

25 or alternatively 

a') the extracellular matrix secreted by: 

- bone marrow stem cells partially cr completely differentiated into a 
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specific connective tissue, or alternatively, 

the specific homologous mature connective tissue cells, 
said extracellular matrix being free from any cellular component, 
and 

5 b) a three - dimensional biocompatible and biodegradable matr: 
consisting of a hyaluronic acid derivative. 

The present invention further relates to trie processes tor preparing 
said biologic material. 

When the biologic material according to the present invention contains 
10 the component (a) or the component (a*) being the extracellular 
matrix secreted by connective tissue cells coming from partial or 
complete differentiation of bone marrow stem cells. the process 
comprises the following steps: 

i) isolating said homologous or autologous stem cells from the bone 
15 marrow, 

iil transferring said isolated stem cells onto said biocompatible 
three-dimensional matrix consisting of a hyaluronic acid ester, and 
ii:} growing and developing said stem cells upon and inside the 
bioma terials . by dipping the biologic material coming from the 
20 preceding step in a culture medium containing also a differentiating 
factor in case the desired connective tissue cells are different from 
fibroblasts, thereby obtaining the biologic material containing the 
component ( a) , 
and optionally 

25 iv) removing the homologous cellular component of (a) , by osmotic 
lysis, thereby obtaining the biologic material containing the above 
mentioned component (a'). 
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The process for preparing the biologic material according to the 
present invention containing the component (a*) secreted by mature 
specific connective tissue cells comprises the following steps: 
■; i ' ) isolating said mature cells from the specific connective 
5 tissue, and growing them under conventional and specific growth 
condition depending on the specific mature connective cells 
lii'i transferring said mature connective tissue cells onto said three 
dimensional matrix consisting of said hyaluronic acid derivative, 
iii*) growing and developing said connective tissue cells upon and 

10 inside said three dimensional matrix, 

iv' } removing by means of osmotic lysis the cellular components. 

The present invention further relates to the use of said biologic 

material in tissue grafts. 

BRIEF DESCRIPTION OF THE FIGURES 

15 Figure 1: represents the iramunohis tochemical marking of Collagen I 
with monoclonal antibodies (avidin/biotin, ; 200x) of: 

A: HYAFF ^ 11 non woven tissue in which human fibroblasts from bone 

marrow mesenchyma have been seeded. After 2 weeks culture the 

presence of type I collagen can be observed. 

20 B: HYAFF R 11 containing human fibroblasts of dermal origin . In this 

case too, there is a definite positivity for collagen I. 

Figure 2 : represents the himraunohis tochemical marking of collagen III 

with monoclonal antibodies (avidin /biotin; 200x ) of: 
Ft 

A: HYAFF -11 with bone marrow mesenchymal fibroblasts 2 weeks after 
-5 seeding, there is marked positivity to the reaction. 

E: HYAFF -11 with fibroblasts of dermal origin 2 weeks after seeding, 
there is marked positivity to the reaction. 



BNSDOCID:<WO 9718842A1> 



WO 97/18842 PCT/EP96/05093 

- 6 - 

Figures 3: represent the immunoreac tion with anticollagen IV antibodies 
( avidin/biotin ; lOOx) of: 

A: HYAFF^-11 with bone marrow mesenchymal fibroblasts 2 weeks after 
seeding 

5 B: HYAFF R -11 with dermal fibroblasts after 2 weeks in culture 

The two different types of fibroblasts express collagen IV synthesis 
in the same mamiei . 

Figure M: represents immunohis tochemical marking of fibronectin with 

monoclonal antibodies (avidin/biotin lOOx) of: 
R 

10 A: HYAFF -II with fibroblasts from bone marrow 2 weeks after seeding 
B: HYAFF -11 with fibroblasts of dermal origin after 2 weeks in 
culture 

Positivity to immunoreac tion is marked in both types of fibroblast. 
Figure 5' Immunohis tochemic al marking of laminin with monoclonal 
15 antibodies (avidin/ biotin; 200x) 

A: HYAFF^-11 with fibroblasts from bone marrow 2 weeks after seeding, 
E: HYAFF R -11 with dermal fibroblasts 2 weeks after seeding 
The presence of laminin is very clear in both types of cultures. 
DETAILED DESCRIPTION OF THE INVENTION 

20 Preferably the hyaluronic acid derivative forming the three 
dimensional matrix of the biologic material according to the present 
invention is a hyaluronic acid ester like those disclosed in U.S. 
patent No. 4,851.521. which we incorporate by reference. 

More preferably the hyaluronic acid ester is the benzyl ester having a 

21 degree of esterif ication varying from 25 to 100%. 

According to a particular preferred embodiment hyaluronic acid 
benzylesters are used whose degree of esterif ication is respectively 
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75% (HYAFF R -llp75) and 100% (HYAFF R 11). 

The three- dimensional matrix consisting of a hyaluronic acid 
derivative are preferably in the form of non woven tissue, sponges, 
granules microspheres guide channels and gauzes. 
5 According to a particularly preferred embodiment the three-dimensional 
biocompatible matrix of the biologic material according to the present 
iuvei*: *c ion a^e pieieidbly xu the furui of a nun wuvcn-Lissut . 
The preparation of said non woven tissue consisting of a hyaluronic 
acid derivative and in particular of the ester of hyaluronic acid 
10 esters is disclosed in USP 5* 520,916, which we incorporate herewith by- 
reference . 

The specific connective tissue cells, coming from the complete or 
partial differentiation of bone marrow stem cells contained in (a), 
in the biologic material according to the present invention, are 
15 preferably selected from the group consisting of fibroblasts, 
osteoblasts,, myoblasts, adipocytes, chondrocytes and endothelial 
cells . 

Therefore, when (a) comprises chondrocytes, being able able to form a 
chartilage tissue, the biologic material according to the present 
20 invention can be used for covering areas of eroded or degenerated 
chartilage. 

When fa) comprises osteoblasts , being able to form a bone tissue, 
the biologic material according to the present invention can be used 
in case of loss of bone substance. 
25 When (a) comprises fibroblasts, the biologic material of the present 
invention is grafted onto the damaged skin, (b) is absorbed within a 
given length of- time thanks to its biodegradabili ty , thus leaving 
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newly- formed dermal tissue at the site. 

When autologous connective tissue cells have been seeded on the matrix 
consisting of the hyaluronic acid derivative, they can remain in the 
newly formed connective tissue and contribute towards wound repair by 
5 means of the various growth factors and extra cellular matrix they 
secrete . 

In case connective tissue coming from partial or complete 
differentiation of homologous bone marrow stem cells or homologous 
mature connective tissue are only available, the Applicant has found 
10 that with the biologic material containing the component (a') in place 
of component: (a), it is possible to avoid undesired immunological 
reaction . 

Therefore according to a preferred embodiment the connective tissue 
cells producing the extracellular matrix in this biologic material 

15 may derive from homologous partially or completely differentiated 
stem cells of bone marrow or from homologous mature connective tissue. 
The homologous mature connective tissue cells secreting component (a') 
are selected from the group consisting of fibroblasts, osteoblasts, 
myoblasts, adipocytes, chondrocytes and endothelial cells. 

20 Mature fibroblasts may be isolated by dermal tissue coming either from 
aucopsy or from biopsy, mature chondrocytes from autopsy chartilage, 
mature osteoblasts coming from biopsy fragments of bone tissue, 

mature muscular cells from biopsy fragments of muscular tissue, mature 
endothelial cells from biopsy fragments of small vasa or from dermis 

25 itself, mature adipocytes from biopsy fragments of adipous tissue. 

Therefore the biologic material according to the present invention 
containing the component (a 1 ) can be used for the same purposes as 



BNSDOCJD:<WO 9718842A1> 



WO 97/18842 




PCT/EP96/05093 



- 9 - 

those contemplated for the biologic material containing the 
component ( a ) . 

in particular the biologic material according to the present invention 
both in the case it comprises (a), containing fibroblasts coming 
5 from partial or complete differentiation of bone marrow stem cells and 
in the case it contains (a'), secreted either by homologous or 
mature fibroblasts or by f xbroblcis L ^ deriving frou: huiuulugu us 
partially or completely differentiated stem cells, can serve as a 
substrate for the in vitvo seeding of autologous or homologous 
10 keratinocytes for subsequent graft. 

This biologic materials is suitable for use as a dermal substitute in 
cutaneous lesions where substance has been lost . 

In the process for respectively preparing the biologic materials 
containing the component (a) or alternatively the component (a 1 ), 
15 secreted by homologous connective tissue cells obtained by partial or 
complete differentiation of bone marrow stem cells, step (i) 
preferably comprises the following operating conditions: 
1) aspirating the bone marrow from the iliac crest or head of the 
femur ; 

2'J 2) treating the liquid coming from step (1) in the presence of Hank's 
saline solution at +M°C and centrifuging the mixture thus obtained, 
3) removing by aspiration the supernatant and the lipid layer, 
*0 removing erythrocytes in excess by using Percoll or Ficoil 
gradiencs. thereby obtaining the mesenchymal cells fraction, 

25 5) centrifuging the mesenchymal fraction and recovering the solid; 

6) resuspending the solid in a culture medium containing a-MEM 
supplemented with 10% foetal calf serum, 1% L-glutaraine 200mM . 1% 
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penicillin/streptomycin 10 .00011/ 10,000 ug/ml ; 

7) seeding in a Petri dish at a density of 50-100 X 10^ nucleate 
cells/dish ; 

S) incubating the cells in the medium for 72 hours and changing the 
5 medium to remove the non adhered cells. 

Step (ii) in said process is preferably carried out according to the 
f o 1 1 ow i. n g operating conui tions i 

1') detaching the cells of the colonies formed from said dishes, by 
using conventional methods such as t rypsinisation , 

10 2' ) depositing said cells at a density preferably comprised between 1 

il ii ? 

X 10 - 5 X 10 cells/cm 4 " onto new culture Petri dishes, already- 
containing a number of pieces of the three dimensional matrix 
consisting of a derivative of hyaluronic acid, these pieces of 
hyaluronic acid derivative adhering to the culture dishes by the 
15 addition of human plasma fibrin at the interface hyaluronic acid 
derivative- Petri dishes . 

The medium utilized in step (iii) is chosen in function of the type 
of differentiation bone marrow stem cells are to be subjected to. 
For example when stem cells are to be partially or completely 
20 differentiated into fibroblasts, said medium does not contain any 
dif f erentianting factor, but preferably a fibroblasts growth factor 
such as bFGF (basic Fibroblast Growth Factor) . 

in this case a partial differentiation already occurs before stem 
cells are transferred onto the three dimensional matrix. 
2*5 When stem cells are to be partially or completely differentiated into 
chondrocytes . this medium preferably contains a -MEM supplemented with 
10% foetal calf serum , 1% L-glutarain 200 mM , 1% penicillin - 
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streptomycin 10,000 1710.000 pg/ml , 50 pg/ml/day ascorbic acid, 100- 
10C0 nM dexamethasone . This medium is preferably changed twice a week. 
Alternatively the medium contains Ham's F12 supplemented with 10% 
foetal calf serum , 1% L-glutamm 200raM . 1% penicyliin/s t rep tomycin 
5 10.000 U/ 1.0, 000 pg/ml/day, 50 pg/ml/day ascorbic acid. 2% ethanol. 

When stem cells are to be partially or completely differentiated into 

.... . w. _ - ^ ^ _ — w- t ^ v---/ ..a^.^^j, u.c, ^uuoi'Ji ecu ^-cr-^j-o uiitu Liie: ti.Icrcr 

dimensional matrix occurs on said matrix pfeviuously treated with 
water containing hydroxy- apati te . 
10 The median, in this case contemplated for step (iii) is a -MEM 
supplemented with 10% foetal calf serum , 1% L glutamin 200 mM , 1% 
penicyilin -streptomycin 10,000 U/10,000 pg/ml. 50 pg/mi/day ascorbic 
acid, 10-100 nM dexamethasone . 

The step (iv), namely the osmotic lysis, for obtaining the component 
15 (a') is preferably carried out by using a solution cf 5% deoxycholate . 
Also in the process for preparing the biologic material containing the 
the component (a T ) secreted by mature connective tissue cells, step 
iiv'} namely the osmotic lysis is preferably carried out by using the 
aforementioned dexychoiate solution. The biologic material according 
20 to the present invention can be cryopreserved so that a tissue bank 
can be built up to supply graft materials, or supports for 
keratynocytes cultures. 

As a consequence of that each of the aforesaid processes for 
preparing the above mentioned biologic materials further comprise the 
2? final step consisting of cryopreserving according tc conventional 
manner the obtained biologic material. 

For purely indicative purposes, we present hereafter a few examples of 
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;he characterization of newly- formed tissue. 
EXAMPLE 1 Isolation and culture of stem cells 

About 5~10 ml of bone marrow is aspirated from the iliac crest or head 
of femur. 

5 Trie liquid, which also contains stromal bone fragments is placed in a 
50 ml sterile tube and supplemented with 20-25 ™1 Hank's saline 

_ ,.. ; _ ; h f n TH-. . u , _ : .'-..^-.J - , i ^ . . i r*r<r. , 

o -i. i-i *_ -l. \_/ * i tl t ■ -t ^ , a * . e l u uc J. o ^.cin-i uc,ia c* v. ap^L uaxi.iuIU x t '. ± i. }^ n . 

for: 5 minutes to eliminate the supernatant and the lipid layer, which 
are then aspirated . The excess of erythrocytes is eliminated by using 

10 Fercoll ot Ficoli type gradients f after which the fraction containing 
mesenchymal cells is removed and centrifuged at 1000 rpm for 5 
minutes . The pellet is resuspended removed and centrifuged in 5 nil 
culture medium (q-MEM supplemented with foetalclaf serum, 1% L- 
glutamine 200mM , 1% penicillin/ streptomycin 10,000 U/ 10,000 ug/ral) 

15 and seeded in Petri dishes with a diameter of 100 mm at a density of 
50-100 X10 b nucleate cells/dish. 

E XAMPLE 2 Transfer of stem cells in a three dimensional matrix 
consisting of HYAFF R 11 and HYAFF11 P75 and differentiation of stem 
ceils into fibroblasts 

20 The cells are then left to incubate (37°C, pC0 2 about 5%) Tor "2 
hours, after which the medium is changed in order to remove any non 
adhered cells. The mesenchymal cells remaining on the dish can be 
amplified by further passages (generally split ratio 1:3) and 
trasf erred to a non woven tissue matrices of HYAFF '-11 and HYAFF 

25 llp75, adding growth factor bFGF (Ing/ml) to the culture medium. Some 
time later (1-2 weeks) the cells inside the bioraaterial take or. a 
fibroblast appearance and express phenotype typical of fibroblasts 
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with the production of typical molecules of the connective matrix 
i collagen type I, II, III, TV, fibronectin, laminin) . 
EXAMPLE 3 Pvepavat ion of: 
derm i s a contai n i ng : 
5 - f ibroblasts from bone marrow stem cells 

- three dimensional matrix consisting of nonuoven HYAFF 11 
da rm i s a (control; containing: 

-fibroblasts coming from human dermis 

- three dimensional matrix consisting of nonuouen HYAFF 11 
1 - 1 rig rm is p containing : 

- fibroblasts from bone marrcio stem cells 

- three dimensional matrix consisting of nonwoven HYAFF 11 p75^ 
derm is p ' (control) containing: 

- f ibroblasts coming from human dermis 

- F 

I\> - three dimensional matrix consisting of nonwoven HYAFF' 11 p75 

R „ 

Pieces of tissue ( 1 . 5X 1.5 cm) comprised of both HYAFF llp/5 and 
HYAFF R 11, are separately attached onto culture dishes by means of a 
fibrin clot. Human fibroblasts obtained from skin explants or from 
mesenchymal stem ceiis from bone marrow isolated and grown as 

20 described in Example 1 are separately seeded on the biomaterial at a 
density of 10 cells x cm in 0.2 ml of medium, soaking the 
biomaterial slowly. After about 30 minutes, DMEM culture medium 
complete with 10% FCS and 50 ug/ral of 1-ascorbic acid are added and 
the dishes are incubated at 37°C. 

25 The medium is changed every 48 hours and the cultures are observed by 
phase -contrast microscope . 

The pieces of biomaterial made of HYAFF Hp75 can be cultured only 



BNSDOCID:<WO 9718842A1> 



WO 97/18842 



PCT/EP96/0SO93 



- 14 - 

for 7 clays and since it it has been seen that, in the case of 
fibroblast cultures on HYAFF- 1 lp75 , che biomateriai begins to dissolve 
in the medium after 7 days. HYAFF- II , on the other hand, can be kept 
in culture for much longer (about 6 weeks). In this case, the pieces 
5 of HYAFF- 11 are incubated with the cells for periods -of 7. l'-i and 21 
days . 

At the end of the culture period, the matrices of hyaluronic: 
acid benzylester HYAFF R 11 P 75 and HYAFF R 11, containing th 

fibroblasts from stem ceils and the corresponding ones containing 
10 fibroblasts from human skin are detached from the dish without using 
lithic enzymes and divided into two parts. 

One is fixed in formalin for routine histological tests and 

the other is frozen in liquid nitrogen and stored for 

subsequent immunohis tochemical investigation. 

IS The pieces fixed in formalin are stained with hematoxylin/eosine or by 
van Gieson's method, while the frozen material is stained 
immunohis tochemically with mono- or polyclonal antibodies to show the 
presence of: fibronectin, collagen I, II and IV, iaminin. 
Results of histological staining 

20 Hematoxylin/eosin 

Elongated cells with typical fibroblast morphology are observed both 

R R 
in HYAFF llp75 and HYAFF" 11 bioraaterials . From a morphological point 

of view, the fibroblasts obtained from dermis and those obtained from 

bone marrow mesenchymal cells are similar in appearance, in the case 

25 of HYAFF 11, the fibres of the bioraaterial are well preserved, while 

the HYAFF lip75 fibres show signs of disintegration. 

Analysis of the biomaterial shows the presence of a delicate mesh of 
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fine fibrils which turn paie pinkish red cn staining with the Van 
Gieson method, confirming that they are collagen fibrils 
neosynthesized by the fibroblasts. 
Immunoh is tochemical charac terization 
5 The following antibodies were used to reveal the ir.ost representative 
molecules in the extracellular matrix: 

1 ) human I anticollagen monoclonal antibodies 

2) human III anticollagen monoclonal antibodies 

3) human IV anticollagen monoclonal antibodies 
10 4) human an t i f ibronec t in monoclonal antibodies 

5) human antilaminin monoclonal antibodies 

The extracellular matrix deposited by the fibroblasts, both of dermal 
and bone marrow mesenchymal derivation, proved to be positive to the 
above immunoreac tions . In particular, a notable fibrillar collagen (1 

15 and III) component was observed, as well as collagen IV. The typical 
adhesive molecules, f ibronec tin and laminin. which are characteristic 
of dermal tissue, are clearly expressed by these fibroblast cells, 
showing that a complete extracellular scaffold can be constituted 
within the matrices used by the Applicant. 

20 EXAMPLE ^ : Cryopreservat ion of dermis a and dermis 0 prepared as 
described in Example 3 

In order to demonstrate the possibility of preserving the artificial 
dermis obtained from stem cell culture in cold storage, the pieces of 
biomacerial containing the cells were frozen in the presence of a cold 
25 storage agent ( dimethylsulf oxide , DMSO) . The cultures were removed and 
placed in capsules containing DMEM , FCS and 10% DMSO, cooled to h°C 
and then frozen to -80°C 5 minutes later. 
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One week later, the pieces of HVAFF R il P 75 are thawed from frozen and 

rapidly heated to 37 °C, washed several times with DM EM with 10% FCS in 

oruer to eliminate the DMSO . They are left in an incubator for 24 

hours, after which the cultures are transferred onto new pieces of 
R 

5 HYAFF llp75 biomaterial of the same dimensions, which had been 
attached to culture dishes. This step is necessary to provide the 
cells with a new support, as the original nonwoven tissue starts to 
dissolve in the medium after 7 days. 

The pieces of HYAFF R 11, on the other hand, are reused for culture 
10 after freezing in the conditions described above. All the thawed 
biomaterials are cultured for 7 days and then analysed as described in 
example 1. These new findings are similar to those described in 
example 1 and the tests performed with trypan blue staining show that 
the ceils present in the HYAFF R 11 matrix are still viable after 
15 thawing. 

Figures I-5/A-B show histological photographs of the HYAFF R 11 
nonwoven biomaterial wherein human fibroblasts from bone marrow and 
dermis have been seeded. Each figure describes the relative 
immunolocalization of collagen 1, III, IV, fibronectin and laminin. 
20 The various biomaterials made of HYAFF R 11 and HYAFF R Up75 (gauzes, 
sponges, membranes) do not differ in any substantial way one from the 
other as far as fibroblast growth and the deposit of extracellular 
matrix is concerned. 

EXAMPLE 5 : biological material coming from the lysis of the cellular 
25 component of dermis a, a', /3 and 8' 

The possibility of obtaining matrices of artificial dermis in vitro by 
the above-described method, with subsequent removal of the cellular 
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component, was assessed as follows: 

After the culture process described in Examples 1 and 2, the pieces of 
HYAFF ^ biomaterial are treated with distilled water and then with 5% 
sodium deoxycholate to lyse the fibroblasts present. These two 
5 treatments lead to cellular lysis and solubilization of the membranes, 
leaving the extracellular component more or less intact. Subsequent to 
this treatment, the histological and iramunohis tological examination of 
the pieces of biomaterial is performed as described in the previous 
examples . 

10 Staining of the extracellular matrix with the specific antibodies 
shows that the procedure of elimination of the cellular component does 
not alter the architecture or composition of the extracellular matrix, 
which appears similar in all respects to that of the starting matrix, 
before cells removal. 

15 EXAMPLE 6 Conditions for the promotion of stem cell differentiation 
touards chondrogenesis 

Stem cells, isolated as described in Example 1, are placed on matrices 
of non woven HYAFF* 11 and grown in a culture medium with a special 
composition: a-MEM supplemented with 10% foetal calf serum, 1% L- 
20 glutamin 200mM . 1% penicillin /streptomycin 10 . 000L7 10 . 000 ug/ml, 50 
ug/ml/ day ascorbic acid , 100-1000nM dexame thasone . The cells are 

seeded at high concentrations ( mass culture technique): at a mean 

2 

density of 5~10~ r cells/cm . The culture medium is normally changed 
25 twice a week. Alternatively, the following medium can be used: Ham's 
F12 supplemented with foetal calf serum, 1% L-glutamin 200mM , 1% 
penicillin /streptomycin 10 , 000U/10 , 000 ug/ml , 50ug/ml/day ascorbic 
acid, 2% ethanol. 
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Suitable phenotypic (chondrocyte) expression is monitored as follows: 
morphological observation with an optical microscope; 
specific staining of histological specimens with Alcian blue , 
toluidine blue and type II anti-collagen monoclonal antibodies; 
r ; ~ quantifications of the supernatant for the production of 
glycosaminoglycans and type li collagen. 

xii uOlu tiie Culture riied.Lulu Suppit?u:trult.'u with utrXciiiitr ciia^uiie and in thai. 

containing 2% ethanol, a high percentage of differentiation of the 
stem cells towards chondrocytes can be observed. 
10 EXAMPLE 7 : Conditions for the promotion of stem cell differentiation 
toDards osteogenesis 

In order to promote differentiation towards osteogenesis mesenchymal 
cells are grown on non-woven HYAFF R 11 with the following culture 
medium: a-MEM supplemented with 10% foetal calf serum, 1% L-glutamin 
1.5 200mM, 1% penicillin /streptomycin 10 , 000U/10 , 000 ug/ml , 50 ug/ml/day 
ascorbic acid , 10-100 nM dexamethasone . 

Before seeding, the HYAFF R 11 material is treated for 12-24 hours 
with water containing hydroxy-apati te . The culture medium is normally 
changed twice a week. 
^0 Suitable phenotypic (osteocyte) expression is monitored by: 

morphological observation with an optical microscope; 

specific staining of histological specimens according to Von 

Kossa ; 

his tochemical staining to reveal the presence alkaline 
25 phsosphatase activity. 

In these experimental conditions it is possible tc observe how the 
presence of hydroxy - apat i te crystals in the HYAFF n li induces the 
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mesenchymal cells towards osteocytes. 
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CLAIMS 

1. A biologic material comprising the following two components: 

a) an efficient culture of autologous or homologous bone marrow stern 
calls partially or completely differentiated into cellular lines of a 
specific connective tissue and the extracellular matrix produced by 

5 said connective tissue cells, 
or al ternat ively 

a') the extracellular matrix secreted by: 

said bone marrow stem cells partially or' completely 
differentiated into specific connective tissue ceils, or 
10 - the specific mature connective tissue cells, 

said extracellular matrix being free from any cellular component, 
and 

b) a three -dimensional biocompatible and biodegradable matrix 
consisting of a hyaluronic acid derivative. 

15 2. The biologic material according to claim 1 wherein the component, 
(b) is in the form of a non woven tissue, sponges, granules, 
microspheres, guide channels and gauzes. 

3- The biologic material according to claim 2 wherein the component 

20 (b) is in the form of a non woven tissue. 

4. The biologic material according to anyone of claims 1-3 wherein 
said hyaluronic acid derivative is a hyaluronic acid ester having a 
degree of esterif ication comprised between 25 and 100%. 
5* The biologic material according to claim 4 wherein the hyaluronic 

25 acid benzylesters are used having respectively a degree of 
esterif ication of 75% or 100%. 

6. The biologic material according to anyone of claims 1-5, wherein 
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said extracellular matrix of (a') is secreted by a homologous cellular 
cul ture . 

7. The biologic material according to anyone of claims 1-6 wherein 
said bone marrow stem cells are partially or completely differentiated 

5 into specific connective tissue ceils selected from the group 
consisting of: fibroblasts, osteoblasts, myoblasts, adipocytes, 
chondrocytes and endothelial cells. 

8. The biologic material according to claim 7. wherein said bone 
marrow stem cells, are partially or completely differentiated into 

10 chondrocytes, for use in covering areas of eroded or degenerated 
chart 11 age . 

9. The biologic material according to claim 7, wherein said stem cells 
are partially or completely differentiated into osteoblasts, for use 
in case of loss of bone substance. 

15 10. The biologic material according to claim 7. wherein said bone 
marrow stem cells are partially or completely differentiated into 
fibroblasts for use as a substrate for the in vitro seeding of 
autologous or homologous keratinocy tes for subsequent graft. 

11. The biologic material according to claim 7. wherein said bone 
20 marrow stem cells are partially or completely differentiated into 

fibroblasts for use as a dermal substitute to dress skin lesion. 

12. The biologic material according to anyone of claims 1-6 wherein 
said mature connective tissue cells secreting the ex t racelul 1 ar 
matrix (a') are selected from the group consisting of: fibroblasts, 

25 osteoblasts, myoblasts, adipocytes, chondrocytes and endothelial 
cells . 

13 • The biologic material according to claim 12 wherein the component 

BNSDOCID:<WO 9718842A1> 



WO 97/18842 



PCT/EP96/05093 



- 22 - 

(a') is secreted by chondrocytes for use in covering areas of eroded 
or degenerated chartilage. 

14 . The biologic material according to claim 12 wherein the component, 
ia') is secreted by osteoblasts . for use in case of loss of bone 
5 substance. 

15- The biologic material according to claim 12 wherein the component 
(a'J is secreted by fibroblasts for use as a substrate for the in 
vitro seeding of autologous or homologous keratinocyt.es for subsequent 
graft. 

10 16. The biologic material according to claim 12 wherein the component 
(a 1 ) is secreted by fibroblasts for use as dermal substitute to dress 
skin lesion. 

17- A process for preparing the biologic material according to anyone 
of claims 1-11 containing the component (a) or the component (a 1 ), 
15 which is secreted by connective tissue cells obtained by partial or 
complete dif ferentian tion of bone marrow stem cells. comprising the 
following steps : 

1 ) isolating said homologous or autologous seem cells from the bone 
marrow , 

20 ii) transferring said isolated stem cells onto said biocompatible 
three-dimensional matrix consisting of a hyaluronic acid ester, and 

iii) growing said stem cells upon and inside the biomaterials in a 
medium containing also a differentiating factor in case the desired 
connective tissue cells are different from fibroblasts, thereby 

2-) obtaining the biologic material containing the component (a), 

iv) removing the cellular component of (a), by osmotic lysis thereby 
obtaining the biologic material containing the above mentioned 
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componen t ( a ' ) . 

lb. The process according to claim 17 wherein seep (i) comprises the 
following operating conditions: 

1) aspirating the bone marrow from the iliac crest or head of the 
5 femur ; 

2) creating the liquid coming from step (1) in the presence of 
Hank's saline solution at + VC and centrifuging the mixture, 

3) removing by aspiration the supernatant and the lipid layer, 

h) removing erythrocytes in excess by using Percoll or Ficoil 
^ gradients, thereby obtaining the mesenchymal cells fraction, 

5) centrifuging the mesenchymal ceils fraction and recovering the 
solid ; 

6) resuspending the solid in 5 ml of culture medium .(a-MEM 
supplemented with 10% foetal calf serum. 1% L-glutamine 200mN: , 1% 

15 penic illin/ streptomycin ; 

7) seeding in a Petri dish at a density of 50-100 X 10^ nucleate 
ceils/dish ; 

8} incubating the cells in the medium for 7- hours and changing 
the medium to remove the non adhered cells. 

20 19. The process according to anyone of claims 17 and 18 wherein step 
(ii) is carried out according to the following operating conditions: 

I ' ) detaching the cells of the colonies formed f rom said dishes , 

by using convent ional methods such as t ryps i nisat ion 

2 ' ) depositing said cells at a density preferably comprised 

25 between 1 X 10**- 5 X 10 4 cells/cm 2 onto new culture Petri dishes, 

already containing a number of pieces of the three dimensional 
matrix consisting of a derivative of hyaluronic acid, these 
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pieces of hyaluronic acid derivative adhering to the culture 
dishes by the addition of human plasma fibrin ac the interface 
hyaluronic acid derivative- Petri dishes. 

20. The process according to anyone of claims 17-19 wherein the medium 
5 utilized in step (lii) is chosen in function of the type of 

differentiation bone marrow stem cells are subjected to. 

21. The process according to claim 20 wherein when stem cells are to 
be partially or completely differentiated into fibroblasts, said 
medium does not contain any dif f erentian ting factor, but optionally 

10 fibroblasts growth factor. 

22. The process according to claim 20 wherein when stem cells are to 
be partially or completely differentiated into chondrocytes , this 
medium contains a-MEM supplemented with 10% foetal calf serum , \% L- 
glutamin 200 raM , 1% penicillin -streptomycin 10,000 u/10,000 ug/ml. 

15 50 pg/ml/day ascorbic acid, 100-1000 n.M dexame thasone . 

23- The process according to claim 20, wherein when stem cells are to 
be partially or completely differentiated into chondrocytes , this 
medium contains Ham's F12 supplemented with 10% foetal calf serum , 1% 
L-glutamin 200mM, 1% penicy 1 lin / s t rep tomyc in 10,000 U/10.000 

20 ug/ml /day, 50 ug/ml ascorbic acid. 2% ethanoi. 

2*1. The process according to claim 20, wherein, when stem cells are to 
be partially or completely differentiated into osteoblasts step (ii) 
is carried out on said matrix previously treated with water 
containing hydroxy-apa t i te and the medium used in step (iii) contains: 

25 a-MEM supplemented with 10% foetal calf serum , 1% L glutamic 200 mM, 
\7o penicyiiin -streptomycin 10,000 U/10,000 ug/ml, 10-100 nM 
dexamethasone . 
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25. The process according to anyone of claims l~-2 L i wherein seep (iv) 
is carried out by using a solution of 5% deoxycholate . 

^o. The process according to anyone of claims i 7 ~ 2 5 further comprising 
the final step of cryopreserving the obtained biologic material. 
V 27- A process for preparing the biologic material according to anyone 
of claim?; 1-6. and 11-1 6 comprising the following steps: 
( 'i ' ) isolating said mature cells from the specific connective 
tissue, and growing them under conventional and specific growth 
condition depending on the specific mature connective cells 
10 (ii'i transferring said mature connective tissue ceils onto said 
three dimensional matrix consisting of a hyaluronic acid derivative, 
iii') growing and developing said connective tissue cells upon and 
inside this three dimensional matrix, 

iv ' ) removing by means of osmotic lysis the cellular components. 
15 2o. The process according to claim 27 wherein step ( iv ' ) is carried 
cut: by using a solution cf 5% deoxycholate. 

29. The process according to anyone of claims 27 and 28 further 
comprising the final step of cryopreserving the obtained biologic 
material . 
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FIG . 23 
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